For e ign V e rsion 



Method, device, computer-readable storage medium and computer program 
element for monitoring of a manufacturing process 



FIELD OF THE INVENTION 

[0001] The invention relates to a method, a device, a computer-readable storage 
medium and a computer program element for monitoring of a manufacturing 
process. 

BACKGROUND OF THE INVENTION 

[0002] In the manufacture of Large Scale Integrated (LSI) semiconductor chips 
on wafers, the ever-increasing miniaturization of the structures on the 
semiconductor chip are responsible in particular for imposing ever greater 
requirements on the production installations and manufacturing processes used for 
the manufacture of the semiconductor chips. The stability and reproducibility both 
of the production installations and of the manufacturing processes decisively 
influence the yield and productivity during semiconductor chip production. Even 
small deviations from a set-behavior of a wafer production installation during 
production can lead to considerable worsening of the yield, that is to say to a 
considerable increase in the defect rate of the semiconductor chips manufactured. 
[0003] Consequently, a major aspect in the manufacture of semiconductor 
chips is to detect possible deviations from a set-behavior in a chip production 
installation or during a manufacturing process at a very early time and to take 
corresponding countermeasures. Consequently, the analysis and monitoring of 
machines, in particular of the chip production installations, and of the 
manufacturing processes takes on very great commercial significance. 
Furthermore, the analysis and monitoring of many process steps of the 
manufacturing process is of considerable significance, since it is usually only 
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rarely possible to repair an intermediate product after a process step has been 
carried out. A functional test of a manufactured semiconductor chip is generally 
not scheduled until right at the end of the manufacturing process, which leads to 
very late feedback into the manufacturing process of the results obtained. 
[0004] It is further known to provide in-line measurements of interim process 
results, for example of the layer thicknesses, the layer resistance or of line widths, 
etc., by means of Statistical Process Control (SPC). However, this leads to 
additional measuring steps in the overall manufacturing process and is 
consequently time-consuming and costly. 

[0005] In Advanced Process Control (APC), data from internal and external 
sensors of the production installations are analysed in combination with measuring 
techniques used, including in-line measured data on intermediate products, as well 
as results of measurements on test structures, once the wafer has been completely 
processed, results of functional tests on the semiconductor chips, the yield of 
defect-free semiconductor chips, etc. In this way, both the stability of the 
production installations and the process stability can be increased significantly, and 
in this way so the production productivity and the product quality of the 
semiconductor chips manufactured can be increased. 

[0006] In general, the semiconductor chips are manufactured several at a time 
on so-called wafers. These wafers are in turn grouped into so-called lots, in which 
a multiplicity of individual wafers are logistically combined for further treatment 
of the wafers arid subjected together to semiconductor process steps. 
[0007] For in-line measurements of intermediate process results as part of SPC, 
selections of random samples of wafers of a lot are performed. Test 
measurements, which relate either to the quality of the manufacturing steps of a 
manufacturing process or to the quality of the products manufactured, are then 
carried out on the selected samples of wafers. 

[0008] According to the prior art, the sample selection generally takes place by 
means of so-called hands-on rules, i.e. an explicit, precise individual rule is 



2002P12592 

-3- 

prescribed and used as a basis for carrying out the sample selection. This may take 
place either by means of handling instructions, i.e. instructions as to how for 
example entire product groups are to be handled, or by means of explicit stop 
instructions in the process schedule, which concern selected lots of wafers. The 
sample selection is carried out separately after individual process steps. 
[0009] US Patent 6,477,432 discloses a system for administering the quality 
control in a production installation for processing lots of products in processing for 
at least one product, which system has a manufacturing process and a Statistical 
Process Control (SPC) analyser. 

[0010] US Patent 6,148,239 discloses a process control system which uses 
feedforward control threads which are based on material groups and which uses 
material tracking to take into account the variability of the processing in a process 
sequence. 

[0011] The present invention is based on the problem of simplifying 
monitoring of the manufacturing process and making the monitoring more robust 
with respect to errors, and at the same time also reducing the risk of redundancy in 
measurements. 

[0012] The problem is solved by the method, the device, the computer-readable 
storage medium and the computer program element of the present invention for the 
monitoring of a manufacturing process with the features according to the 
independent patent claims. 

[0013] In the case of a method for the monitoring of a manufacturing process of 
a plurality of physical objects, a number of rules are stored, which rules relate to at 
least one status of at least one of the plurality of physical objects. Furthermore, in 
the case of the method, a sample is selected from the plurality of physical objects 
by using the rules, with physical objects of the sample being marked in such a way 
that they can be subjected to a measurement, the rules being formed on the basis of 
the criterion that the number of measurements is reduced and redundant 
measurements are avoided, and wherein it is possible in the case of the method for 
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the number of rules to be combined with one another and checked against one 
another. 

[0014] The device for the monitoring of a manufacturing process of a physical 
object has at least one processor, which is set up in such a way that the method 
steps described above can be carried out. 

[0015] In a computer-readable storage medium, a processing program for the 
monitoring of a manufacturing process of a physical object is stored, which 
processing program implements the method steps described above when it is run 
by a processor. 

[0016] A computer program element for the monitoring of a manufacturing 
process of a physical object implements the method steps described above when it 
is run by a processor. 

[0017] The invention can be realized both by means of a computer program, i.e. 
software, and by means of one or more special electrical circuits, i.e. in hardware, 
or in any desired hybrid form, i.e. by means of software components and hardware 
components. 

[0018] Advantageously, the selection of lots which are subjected to sample 
investigation, of the number of wafers of a lot which are subjected to sample 
investigation, and possibly also the selection of individual wafers which are 
subjected to a test measurement for determining the quality of a production step, is 
automatically controlled by means of the rules. These rules may be influenced, 
and/or adapted to the respective circumstances, globally, i.e. for all lots of the same 
type together. This provides handling of the sample selection for the monitoring of 
the production process that is simpler and more resistant in respect of errors. 
[0019] The invention can be advantageously used in particular during 
semiconductor production, i.e. for example in the manufacture of monocrystalline 
or polycrystalline silicon or some other semiconductor material, as well as 
semiconductor chip production, i.e. during the manufacture of semiconductor chips 
in a chip production installation. However, it should be pointed out in this 
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connection that the invention can be advantageously used in any production 
process, in particular if many process steps which follow one after the other are 
necessary and the production process is to be inspected with regard to the quality 
of the production process and/or the quality of the products. 
[0020] In the application, a status of a lot is understood as meaning a state of a 
lot, i.e. the value of a logistical parameter used for controlling further process 
steps, and consequently indicating how the lot is to be handled. For example, the 
status may be a value of a memory, the value being used as a means for 
correspondingly prescribing subsequent process steps. 

[0021] A chip production installation is to be understood in this connection as 
meaning a system or an arrangement in which semiconductor components, in 
particular semiconductor chips, are produced by using different raw materials, for 
example by using semiconductor materials such as silicon as well as other main 
group IV semiconductor materials (for example germanium) or binary, ternary as 
well as quaternary III-V compound semiconductor materials (for example indium- 
gallium-arsenide-phosphide, indium-gallium-arsenide-antimonide, etc.), or binary, 
ternary as well as quaternary II- VI compound semiconductor materials. 
[0022] The semiconductor chip is to be understood in this description as 
meaning for example a memory chip, a microprocessor chip, a communication 
chip, a chip with an integrated semiconductor laser element, and also a chip 
optimized to a hardware function which can be predetermined as desired, such as 
for example a communication chip for the decoding of received radio signals or a 
chip for the processing of video signals. 

[0023] The chip production installation has, according to the invention, several 
production sub-installations, for example different machines, with which the 
physical or chemical process steps necessary for the overall manufacturing process 
of a chip can be carried out. 

[0024] An example in particular in the front-end area of chip production is that 
of devices for carrying out the following process steps: 
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• a Rapid Thermal Processing Device (RTP device), 

• a furnace for heating up the wafers to be processed, 

• an etching device, for example a plasma-etching device, or a dry-etching device, 

• a lithographic device, 

• a wet-treatment device for etching, resist removal, cleaning or altering the product 
surface, 

• a CMP device, i.e. a device for carrying out chemical-mechanical polishing, 

• an ion-implantation device, 

• a depositing device for depositing layers on the wafer, for example a depositing 
device for Physical Vapor Deposition (PVD) or Chemical Vapor Deposition 
(CVD), 

• a measuring device for measuring predetermined wafer parameters or process 
parameters, 

• a testing device for testing wafers manufactured. 

[0025] Depending on the product respectively to be manufactured, for example 
depending on the desired configuration of the chip to be produced, a multiplicity of 
different devices, that is to say production sub-installations, are provided in the 
chip production installation and coupled to one another to realize the respective 
necessary overall semiconductor chip production process. 
[0026] It should be noted in this connection that the sequence of individual 
process steps in the respective production sub-installations can either be carried out 
"sequentially", i.e. always first in a first installation group A (for example resist 
coating) before a second installation group B (for example exposure) for two 
manufacturing steps which are to take place one after the other, or can be carried 
out "in parallel", i.e. in a first installation Bl (for example Scanner type XY100) or 
a second installation B2 (for example Stepper type Extra2000) for two different 
installations and processes which can alternatively carry out one and the same 
manufacturing step. 

[0026] — Pr e ferred e mbodim e nts of th e invention e m e rg e from th e depend e nt 
claims. Th e further e mbodim e nts of the invention conc e rn th e m e thod and th e 
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devic e for monitoring th e manufacturing proc e ss of a physical obj e ct, the 
comput e r r e adable storag e medium and th e computer program e lement. 
[00281 [00271 The physical object is preferably a wafer. 
[0029] [00281 The invention is well-suited in particular in the case of wafer 
manufacture with its extremely high number of process steps, and consequently 
very high requirements on the accuracy of the setting of the process parameters, 
since monitoring of the product quality is realized in a simple way for the first time 
in this field. By means of the invention, the number of test measurements and the 
number of redundant measurements can be reduced. 

[0030] [00291 One of the stored rules may relate to an SPC sampling status. 
This may preferably be an SPC sampling status such as, for example, "Every 
fourth lot of product A must be measured". 

[0031] [00301 In an embodiment, a stored rule relates to an inquiry of a 
specific status of the lot, i.e. to a status which requires particular handling of the 
lot. This may be, for example, a so-called "blitz status", which has the 
consequence that the lot marked in this way is never measured. 
[0032] [00311 According to one embodiment, a stored rule relates to an 
inquiry of an explicit status of the lot at a process step. Such an explicit status may 
be, for example, "measure lot at operation xxx" or "do not measure lot at operation 
xxx". 

[00331 [00321 According to one embodiment, a stored rule relates to an 
inquiry of a sampling status of the lot, i.e. to a status which relates to previous 
process steps or measurements, for example a status "if a lot is not measured at 
operation xxx, then do not measure this lot at operation yyy either". 
[003 4 1 [0033] A stored rule may relate to an inquiry of a special monitoring 
status. Such a special monitoring status may be, for example, a status such as "of 
product A, always measure 3 wafers with program nnn at operation xxx". 



2002P12592 

-8- 

[00351 r00341 The various stored rules are preferably combined with one 
another, i.e. they influence one another and/or are being checked against one 
another. 

[00361 [00351 Furthermore, the marked physical objects are preferably 
subjected to a measurement. 

[00371 [00361 The invention can illustratively be seen in creating an 
automated selection of samples by means of methodical application of rules. 
Various types of rules can be stored, for example so-called hands-on rules, i.e. 
rules which are explicit individual instructions, or automatic rules, i.e. rules such as 
for example "If measurement A has taken place on a lot, then also carry out 
measurement B on this lot". By means of a method according to the invention, an 
automatic set of rules, i.e. a list of several rules that influence one another, is 
created. This automatic set of rules is of a flexible construction and, if the 
manufacturing process or the monitoring of the manufacturing process so requires, 
can be extended without any problems. 

[00381 100371 By means of the invention, a set of selection rules is created, 
providing a selection of samples for test measurements of a monitoring of the 
manufacturing process. The selection of lots, of the number of wafers which are to 
be measured, and possibly the wafer numbers, is automatically controlled. The 
rules are influenced or adapted globally, i.e. for different production steps at the 
same time and not separately for each individual process step. Various rules are 
checked against one another, so that redundant measurements cannot occur, i.e. the 
number of costly and time-intensive measurements is reduced. In addition, it is 
prevented by means of checking the rules against one another that measurements 
are not carried out, i.e. it is not possible for measurements to be forgotten and thus 
it is not possible that necessary product monitoring of the individual wafers is not 
carried out. 

[00391 [00381 The set of rules preferably has a minimum set of five types of 
rule, of which one type of rule relates to an inquiry of an SPC sampling status, one 
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type of rule relates to an inquiry of a lot status, one type of rule relates to an 
inquiry of an explicit lot status at an operation, one type of rule relates to an 
inquiry of the sampling status of a lot and one type of rule relates to an inquiry of a 
special monitoring status. 

[00 4 01 [00391 Even though the invention is explained in more detail below 
on the basis of the example of a monitoring method of a wafer manufacturing 
process, it is pointed out that the invention is not restricted to this but instead can 
be used in all monitoring methods for manufacturing processes in which process 
parameters are recorded in the manufacturing process for manufacturing a physical 
object, for example also in the pharmaceuticals industry in the manufacture of 
pharmaceutical products. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00 4 11 [00401 An exemplary embodiment of the invention is explained in 
more detail below and represented in the figures, in which: 

[00 4 21 f 004 11 F figure 1_ shows a block diagram in which the general 

organization of a chip production installation is represented; 

[00 4 31 [00421 F figure 2_ shows a diagram of a chip production 

installation, with the complex material flow, i.e. the path of a wafer/lot, through the 
chip production installation and the associated complex process steps being 
represented; 

[00 44 1 [00431 Ffi gure 3_ shows a block diagram in which the process 

data flow when producing a wafer/lot is represented; and 

[00 4 51 [00441 Ffi gure 4_ shows a schematic program flowchart of a 

method according to an exemplary embodiment of the invention. 



[00451 By way of introduction, figure 1 schematically illustrates in a 



block diagram 100 the organization and setup of a semiconductor chip production 
installation, for which a method according to the invention can be used for the 
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monitoring of a manufacturing process of a plurality of wafers, on which wafers 
the semiconductor chips are arranged. 

[00471 [00461 T he overall manufacturing process, referred to in figure 1 by 
a first block 101, is grouped by way of example into four production areas 102, 
103, 104, 105, 

[00 4 8] — a first area, into which the front-end processes of the chip 
production are grouped (block 102), 

[00 4 9] — a second area of the manufacturing process, into which the back- 
end processes are grouped (block 103), 

[0050] — a third area of the manufacturing process, which relates to the 
support, that is to say the backup, of the individual manufacturing processes 
(block 104), 

[0051] — a fourth area, which relates to the process technology and the 
process integration (block 105). 

[0052] — In the case of the front-end processes 102, the following process 
technologies and the devices set up for carrying out the corresponding 
processes are provided in particular: 

[0053] — a furnace for heating up the respective wafer to be processed; 
[005 4 ] — a device for carrying out Rapid Thermal Processing (RTP); 
[0055] — a device for etching the wafer, for example for wet-etching or for 
dry-etching; 

[0056] — a device for cleaning, for example washing, the wafer; 

[0057] — a device for carrying out various lithographic steps; 

[0058] — a device for chemical-mechanical polishing (CMP); 

[0059] — a device for carrying out an ion-implantation in predetermined 

areas of the wafer or of the chip respectively to be produced; 

[0060] — devices for applying materials to the wafer, for example devices 

for depositing materials from the vapor phase, that is for example devices 

for carrying out Physical Vapor Deposition (PVD) or Chemical Vapor 
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Deposition (CDV), or a device for epitaxially growing material on a 
substrate; 

[0061] — metrology devices, i.e. measuring devices, 

[0062] — devices for carrying out tests on the respective wafers. 

[0063] — The back-end processes relate in particular to the following areas: 

[0064] — the assembly of the chips in housings; 

[0065] — the final test of the finished and housed chip; 

[0066] — the introduction of information, for example product information, 

into or onto the housing of the respective chip; and also 

[0067] — generally the technologies used in the back-end area for housed 

and unhoused chips. 

[0068] — The support, that is to say the process backup, relates in particular 
to the following areas: 

[0070] — process control; 

[0071] — the transportation system for delivering the finished 

semiconductor chips; 

[0072] — coordination of production; and 

[0073] — backup for the respective production sites. 

[007 4 ] — Process technology and process integration relates in particular to: 

[0075] — the process integration of logic modules; 

[0076] — the process integration of memory modules; 

[0077] — product engineering; 

[0078] — the monitoring and improving of defect densities in manufacture; 
[0079] — the monitoring of electrical parameters in the products 
manufactured; 

[0080] — enhancement of the yield of the chips manufactured; and 
[0081] — a physical failure analysis. 
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[00821 [00471 Figure 2 shows a semiconductor chip production installation, 
in other words a semiconductor chip factory 200, with a multiplicity of 
semiconductor chip production sub-installations 201, which are used for 
processing raw materials, for example a silicon wafer or a wafer made of other 
semiconductor materials (germanium, gallium-arsenide, indium-phosphide, etc.), 
in order to produce semiconductor chips from the raw materials. 
[00831 [00481 A customary manufacturing process for manufacturing a 
semiconductor chip has hundreds of different process steps, in which lithographic 
steps, etching steps^ CMP steps, steps for applying materials to the respective 
wafer to be processed, as well as steps for doping or implanting doping atoms in 
the wafer to be processed are carried out in various sequences. 
[008 4 1 [00491 This results in the paths represented in figure 2 by lines 202, 
which represent the path of a wafer or lot of wafers through the semiconductor 
chip production installation 200. In the semiconductor chip production installation 
200 there are a multiplicity of sensors, which are assigned to the respective sub- 
production installations 201 and an even greater amount of process data, which are 
respectively acquired by the sensors, are recorded. A respective sensor may be 
integrated into a respective machine (integrated sensor) or be attached separately to 
a respective machine (external sensor). 

[00851 [00501 Hereafter, the production sub-installations 201 are also 
referred to as machines 201. 

[00861 [00511 Figure 3 shows by way of example the data flow for process 
data, which are acquired on a machine 201 by means of an integrated sensor or by 
means of an external sensor 301. Each sensor 301, it being possible for any 
desired number of integrated and/or external sensors to be provided, acquires the 
parameters of the machine 201 which are respectively predetermined for it (e.g. 
physical or chemical states in a process chamber, the position of a robot arm, etc.). 
Examples of process parameters in the manufacture of a wafer are the 
misalignment, i.e. the positioning inaccuracy, within a positioning step, the 
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temperature during a process step, the gas flow during a process step, the time 

duration of a process step or the pressure during a process step. 

[00871 [00521 The sensor 301 is coupled via an SECS interface 302, which 

is set up for data communication according to the SECS standards, to a local 

communication network (Local Area Network, LAN) 306. 

[00881 [00531 According to the SECS standards, files are generated by the 

sensor 301 and the SECS interface 302 according to the PDSF format (Process 

Data Standard Format), also referred to hereafter as PDSF files 303 and also log 

files 304. The PDSF files 303 and the log files 304 are preferably stored as data in 

a memory 307. 

[00891 [00541 The PDSF files 303 contain, for example, analog data from 
different channels, that is to say from different internal (i.e. integrated) and/or 
external sensors 301, which may be attached to a machine 201. The process data 
generated are stored in the memory 307. 

[00901 f00551 Following r e pr e sentation of a sch e matic overvi e w of a 
manufacturing proc e ss of a wafer in figur e s 1 to 3, a A_schematic flowchart of a 
method for the monitoring of such a manufacturing process according to an 
exemplary embodiment of the invention is then given in figure 4. 
[00911 [00561 The evaluation of the generated process data and/or other 
data, such as for example status information of individual lots of wafers, for the 
monitoring of the manufacturing process is carried out by means of a control 
computer. 

[00921 [00571 Starting out from a previous operation or a previous 
processing step 408 in the manufacturing process described above, according to an 
exemplary embodiment of the invention, the automatic rules of the sample 
selection are run through in the flowchart. For this purpose, the recorded and 
stored information are evaluated according to predetermined rules by means of the 
control computer for the individual wafers or lots of wafers. In the evaluation by 
means of the control computer, the sample selection is carried out on the basis of 



2002P12592 

-14- 

the stored information, i.e. process data, or status information stored for an 
individual wafer or a lot of wafers. 

[00931 [0058] A first rule 409, on the basis of which a sample selection is 
made, by means of the control computer, for test measurements on wafers or lots 
of wafers manufactured by means of the manufacturing process described above, 
relates to the inquiry of a lot status, i.e. a status in which a variable which is 
allocated to the lot has a predetermined value. In the exemplary embodiment, this 
is a "blitz status", i.e. a lot status in the case of which no measurements are carried 
out on this lot. The lot is passed on immediately to the next step 410 of the 
manufacturing process. 

[009 4 1 [00591 According to the flowchart, a second rule 41 1 of the set of 
rules is checked. The second rule 41 1 is an inquiry of a sampling status of the lot. 
This is understood for example as meaning a status of the lot that, in a general rule, 
every fourth lot of a specific product A is measured by means of a test 
measurement. On the basis of the result of the inquiry, the lot is automatically 
passed on to the next operation. In the case that the lot is, for example, a 
respective fourth lot, it is subjected to a test measurement 415 and a decision is 
taken on the basis of the result of this test measurement 41 5 as to how the lot is to 
be further treated. It may be re-incorporated in the normal manufacturing process, 
i.e. passed on to process step 410. It may, however, also be subjected to re- 
working or be outsorted. If the lot is not the fourth lot, it is further processed 
without corresponding test measurement, i.e. a next inquiry of the status of the lot 
is carried out. 

[00951 r00601 A third rule 412, to which the lot is subjected, relates to an 
inquiry of an explicit lot status of the lot at the operation 408. This may be, for 
example, a status that the specific lot is to be measured at specific operation 408. 
If such a status exists, the lot is subjected to a test measurement 416 and a decision 
is taken on the basis of the result of this test measurement 416 as to how the lot is 
to be further treated. It may be re-incorporated in the normal manufacturing 
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process, i.e. be passed on to process step 410. It may, however, also be subjected 
to re- working or be outsorted. If the lot does not have a corresponding explicit lot 
status, it is further processed without corresponding test measurement, i.e. a next 
inquiry of the status of the lot is carried out. 

[00961 [00611 A fourth rule 413 to which the lot is subjected relates to an 
inquiry of a special control status. This may be, for example, a rule which has the 
effect that, from each lot of the product A at operation 408, three wafers are always 
subjected to a test measurement 417 by means of a specific program. On the basis 
of the result of this test measurement 417, a decision is taken as to how the lot 
concerned is to be further treated. It may be re-incorporated in the normal 
manufacturing process, i.e. passed on to process step 410. It may, however, also 
be subjected to re- working or be outsorted. If the lot does not have a 
corresponding special control status, it is further processed without corresponding 
test measurement, i.e. passed on to process step 410. 

[00971 [00621 In the exemplary embodiment, after executing the four rules 
described, which correspond to four different types of rule, the next operation (i.e. 
processing step) 410 is carried out. After this next processing step 410, also an 
additional type of inquiry is carried out in addition to the types of inquiry already 
described above, which are not described again here. The additional type of 
inquiry also relates to the sampling status of the lot, i.e. to the fact whether this lot 
was selected as a sample for test measurements. A fifth rule 414 may be, for 
example, an inquiry such as "If the lot concerned was not measured at operation 
408, do not measure this lot at operation 410 either". If this is the case, the further 
inquiries after process step 410 are not carried out for the lot concerned and the lot 
is further processed directly. 

[00981 [00631 In other words, if in the exemplary embodiment the 
evaluation of the inquiry 414 gives a "yes", i.e. the lot concerned was not subjected 
to a test measurement at the operation 408, step 418 follows as a consequence of 
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the evaluation, i.e. at the prescribed next process step an additional test 
measurement is prevented for the lot concerned. 

[00991 [00641 If in the exemplary embodiment the evaluation of the inquiry 
414 gives a "no", i.e. the lot concerned was subjected to a test measurement at the 
operation 408, step 419 follows as a consequence of the evaluation, i.e. an 
additional test measurement is permitted for the lot concerned. 
[001001 [00651 The additional type of inquiry, as realized in the fifth inquiry, 
is preferably suitable for influencing the sample selection if results of a test 
measurement can only be evaluated in connection with the results of a previous test 
measurement, i.e. a test measurement which was carried out after a previous 
processing step. 

[OOlOn -[0066] The schematic flowchart of the method according to the 
invention, shown in figure 4, is to be understood in the sense that the evaluation 
can be carried out by the control computer after each process step. That is to say 
that, after the step 419, inquiries of the type represented in step 409, 411,412 and 
413 can be carried out again. In figure 4, only part of the method for the 
monitoring of a manufacturing process is schematically represented, which part 
can be carried out after each processing step of the manufacturing process. 
[00102 1 -[00671 In the exemplary embodiment described there are at least five 
rules. The five rules described above characterize five types of rules. Further rules 
or types of rules can be added. However, the minimum set of types of rules is five. 
Depending on the result of the inquiries, the lots are automatically passed on to the 
corresponding operation, which is to be performed on the corresponding lot, i.e. 
they are either subjected to a measurement for monitoring the manufacturing 
process and/or the production quality, or the lot runs through the further 
manufacturing process without measurement at this operation. 
[001031 [00681 The sequence schematically represented in figure 4 is only an 
exemplary embodiment. Alternatively, once test measurements have been carried 
out on it, instead of being further processed, i.e. in the above example passed on to 
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process step 410, the lot may also be subjected to the inquiries still outstanding. 
That is to say that a lot which was subjected to a test measurement 415 after 
inquiry 411 may also be subjected to the inquiry 412 and/or 413 after the test 
measurement 415, instead of being passed on directly to process step 410 in the 
way described above. 

10010 4 ] -[00691 To sum up, the invention provides a method for the 
monitoring of a manufacturing process in which a sample selection is carried out 
by means of an automatic set of rules. The sample selection is not made as in the 
prior art by means of handling instructions, for example instructions for entire 
product groups, or by explicit stops, for example for selected lots, but instead a set 
of rules in which the rules can be globally influenced and/or adapted is set up. By 
means of the set of rules, the selection of lots, the number of wafers and maybe 
wafer numbers is automatically carried out. The various rules of the set of rules 
are checked against one another, so that redundant messages or skipped messages, 
i.e. messages which are inadvertently not carried out, do not occur. A minimum 
set of rules has five different types of rule. However, this minimum set can be 
extended as required. 
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PATENT CLAIMS 



1. A method for computer-controlled monitoring of a manufacturing 
process of a plurality of physical objects, 

wherein several rules which relate to at least one status of at least 
one of the plurality of physical objects are stored; 

wherein ich a sample is selected from the plurality of physical 
objects by using the rules, with physical objects of the sample being marked in 
such a way that they can be subjected to a measurement; 

wherein the rules being formed on the basis of the criterion that the 
number of measurements is reduced and redundant measurements are avoided; and 

it being possible for the several rules to be combined with one 
another and checked against one another. 

2. The method as claimed in claim 1, wherein the physical object is a 

wafer. 

3. The method as claimed in claim 2, wherein one of the several stored 
rules relates to an SPC sampling status of the plurality of physical objects. 

4. The method as claimed in claim 2 or 3, wherein one of the several 
stored rules relates to an inquiry of a specific status of the plurality of physical 
objects. 

5. The method as claimed in one of claims 2 to 4, wherein one of the 
several stored rules relates to an inquiry of an explicit status of the plurality of 
physical objects at a process step. 
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6. The method as claimed in one of claims 2 to 5, wherein one of the 
several stored rules relates to an inquiry of a sampling status of the plurality of 
physical objects. 

7. The method as claimed in one of claims 2 to 6, wherein one of the 
several stored rules relates to an inquiry of a special monitoring status of the 
plurality of physical objects. 

8. The method as claimed in one of claims 1 to 7, wherein the various 
stored rules are combined with one another. 

9. The method as claimed in one of claims 1 to 8, wherein the marked 
physical objects are subjected to a measurement. 

1 0. A device for computer-controlled monitoring of a manufacturing 
process of a plurality of physical objects with a processor which is set up in such a 
way that the following method steps can be carried out: 

storing several rules, wherein the several rules relating to at least one 
status of at least one of the plurality of physical objects; and 

selecting a sample from the plurality of physical objects by using the 
at least one rule, with the sample being marked in such a way that it can be 
subjected to a measurement, the rules being formed on the basis of the criterion 
that the number of measurements is reduced and redundant measurements are 
avoided, and it being possible for the several rules to be combined with one 
another and it being possible for the several rules to be combined with one another 
and checked against one another. 



11. A computer-readable storage medium, in which a program for 
monitoring of a manufacturing process of a plurality of physical objects is stored, 
which program executes the following method steps when it is run by a processor: 
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storing several rules, wherein the several rules relating to at least one 
status of at least one of the plurality of physical objects; and 

selecting a sample from the plurality of physical objects by using the 
at least one rule, with the sample being marked in such a way that it can be 
subjected to a measurement, the rules being formed on the basis of the criterion 
that the number of measurements is reduced and redundant measurements are 
avoided, and it being possible for the several rules to be combined with one 
another and it being possible for the several rules to be combined with one another 
and checked against one another. 

12. A computer program element for monitoring of a manufacturing 
process of a plurality of physical objects which executes the following method 
steps when it is run by a processor: 

storing several rules, wherein the several rules relating to at least one 
status of at least one of the plurality of physical objects; and 

selecting a sample from the plurality of physical objects by using the 
at least one rule, with the sample being marked in such a way that it can be 
subjected to a measurement, the rules being formed on the basis of the criterion 
that the number of measurements is reduced and redundant measurements are 
avoided, and it being possible for the several rules to be combined with one 
another and it being possible for the several rules to be combined with one another 
and checked against one another. 
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Foreign V e rsion 



ABSTRACT 

Method, device, computer-readable storage medium and computer program 
element for monitoring of a manufacturing process 

In the case of a method for monitoring of a manufacturing process of a 
plurality of physical objects, several rules which relate to at least one status of at least 
one of the plurality of physical objects are stored. Furthermore, in the case of the 
method, a sample is selected from the plurality of physical objects by using the 
several rules, with physical objects of the sample being marked in such a way that 
they can be subjected to a measurement, the rules being formed on the basis of the 
criterion that the number of measurements is reduced and redundant measurements 
are avoided, and it being possible in the case of the method for the several rules to be 
combined with one another and checked against one another. 
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